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bobi garrett tnre eov Over the next several decades, a profound transformation of the global energy enterprise will occur driven largely by population growth and economic development. How this growing demand for energy is met poses one of the most T = complex and challenging issues of our time. The currentDrbito national energy dialogue reflects the challenge in simultaneously considering the social, political, economic, and technical issues as the energy system is defined, technical targets are established, and programs and global demand for energy will grow more than 7000O
between the baseline year 2003 and 2030 [1] . Most of this complexity of this 'system of systems' and the dynamics of growth will occur in the developing world (Figure 1 ), the environment within which it operates pose challenges driven both by population growth and by the realization of for reaching consensus on the both a concept of operations economic development aspirations. In the U.S., concerns and specific technical targets required to create an energy with energy security and increasingly the global system that is more secure, reliable, environmentally environment will shape the evolution of the Nation's responsible, and supportive of a thriving economy. energy infrastructure as it grows to accommodate an increase in demand of nearly 30°/O over the next 25 years.
The recent battle waged in Texas that led to the decision by TRU Corporation to cancel its plans to construct eight of 11 800.0 planned coal-fired power plants illustrates the complexity 700.0 =of the interactions between the physical energy system and 600. the socio-political systems within which it operates. In this m 500.0 Figure 1 . Global Energy Consumption Projections addition to the cancellation of coal plants, ultimately the approval of the acquisition of TXU by an investor group The nation's energy system, comprising systems to extract, also required commitments to increase renewable energy, convert, deliver, and use energy (Figure 2) , operates within implement a demand reduction program, and to reduce a dynamic and highly interrelated context. This context is mercury and CO2 emissions, among other concessions [2] . also comprised of systems that include among others, the ecological, economic, political, and social systems. The Fully understanding the implications of energy technology investment options requires understanding:
scale from fractions of seconds to centuries. For example, * The potential impact of technology options on the technology solutions to increase the reliability of the energy system from supply through end use, both from electricity grid need to consider phenomena that occur in a point-of-use and a life cycle perspective. nanoseconds whereas the impact of technologies adopted to * The potential impacts of changes in the energy system mitigate global climate will play out over centuries.
on the operating environment (natural, economic, political, and social systems). Significant regional differences in energy use patterns, * The potential impact of changes in the operating resources, infrastructure, public perceptions and other environment on the system requirements. factors create the need for tailored technology solutions while at the same time addressing national goals. For Limiting the scope of technology evaluations to their point example, electricity demand is expected to grow most of generation or use may obscure the full impact of a rapidly in the West. Factors that are shaping how this new technology decision. This can be simply illustrated by demand will be met include air quality standards, the comparing the carbon emissions on a point-of-release basis availability of water, and capacity constraints in existing with carbon emissions from an overall system perspective. transmission and distribution infrastructure. In either case, the electric power sector is the dominant source of carbon emissions. However, there are major 2 A General Concept of Operations differences between these perspectives when looking at the end use sectors -buildings, industry, and transportation ( Figure 3) .
To meet the growing demand for energy without compromising security, environmental quality, or the Currently the building sector accounts for 70%0 of all ability to sustain economies, a significant transformation in electricity consumption. At the point of use, there are no the global energy enterprise is required over the coming carbon emissions associated with electricity consumption. decades. The capacity of the energy system will need to However, when one takes into account the primary energy grow two to three fold by the end of the century. It is used to generate the electricity and the losses inherent in likely that a future energy system will need to include a energy conversion, transmission and distribution, the greater diversity of supply, be capable of isolating and buildings sector is the demand sector most responsible for sustaining critical operations, and be capability of rapid carbon emissions. The significance of this difference is that repair and recovery to reduce concerns with security. A demand growth in this sector drives the need for new much more flexible and agile infrastructure for moving supply. From a systems perspective, tradeoffs involve energy from source to use will be required to accommodate balancing investments to increase the productivity of a diversity of resources that are geographically dispersed energy use with those made to develop new supplies. and the systems will need to be much more efficient in its
Because energy is an enabler for virtually all human use of energy in buildings, transportation, and industrial endeavors, developing robust energy solutions will require systems. The energy system will need to minimize its applying systems engineering that goes well beyond classic environmental footprint at the global and local levels, practices. Figure 3 . Carbon Emissions by Sector could be available, the potential for impact on the overall energy system if implemented at a material scale, and the impacts on the operating envelope. Public sector research transition to a hydrogen economy. Once policy vectors are and development programs use a variety of tools to assess established, the question of which technology options to the merits and consequences of alternative energy pursue to implement those policies become at a technologies. Among these are fundamental level a choice between expanding the supply of alternative fuels or developing more efficient vehicles * Market equilibrium models that project the market and transportation systems. [3] In addition to fuel costs, some of the key factors that use of these alternative fossil liquids before carbon will drive the evolution of the nation's electricity sequestration technology is available will exacerbate the generation and distribution system are expected carbon atmospheric carbon concentrations. On the other hand, regulations, availability of water resources, reliability accelerating the use of ethanol fuels, without advances in requirements, transmission and distribution system capacity technologies to move beyond corn as the feedstock, will constraints, and siting constraints driven by public increase the competition for corn, drive up the cost, and perceptions. Table 2 summarizes some of the electricity impact other markets (food and feed). A major effort in system supply and end-use technology options. China to develop ethanol production capacity led to that nation becoming the third largest producer. However A significant opportunity to impact the overall electricity significant concerns with competition for water for system exists at the end use stage, particularly in the growing crops for fuel versus food and the competition buildings sector which accounts for the most of the growth between fuel and food has required imposing limitations in electricity demand and the bulk of carbon emissions.
on ethanol development [4] . Energy, the automotive industry, and energy companies. Processing
The timeframe in which a significant change in oil consumption might be seen is highly dependent on when Every action to increase the productivity of energy use has technology options will be available for market a roughly three-fold impact on the productivity of the system due to the avoided conversion and transmission * Nuclear generation: Advancing the nuclear options losses throughout the system. will requires addressing long-term storage of nuclear waste, developing proliferation resistant nuclear In typical building design processes, trades are made technology, closing the fuel cycle, and overcoming between floor space and the quality of various amenities public perceptions to enable siting. (windows, flooring, etc.) to design within cost constraints. * Renewable generation: Using wind or solar for Increasingly whole building energy design tools along with power production requires further development to rating systems are helping designers and constructors improve the performance and reduce the cost of the consider energy and environmental implications technologies, system integration and control efforts to throughout the design, construction, and commissioning integrate the technologies with the grid or with the process.
load, and ultimately impacting electricity production at scale will require developing cost-effective storage A key challenge in implementing efficiency technologies to technologies. reach a scale that has a material impact on the system is the number of informed individual investment decisions that To ensure reliable delivery of electricity to consumers, new must be made (e.g., individual homeowners or building technology must be introduced to modernize the aging and owners). Because energy costs are not reflected in the first capacity constrained transmission and distribution system. cost of buildings or equipment, making knowledge of At a general level, system options include central downstream energy costs available to the consumer at the generation and delivery of electricity via T&D lines, point of purchase has been a key role of government along community-scale generation supported by micro-grids that with developing and implementing building and equipment can be connected to or islanded from the grid, and onsite codes and standards.
generation connected to the load and operating in a gridconnected or standalone manner. Most likely, all three of Among the research and development programs are major these will be used within the future energy system making systems integration efforts such as the push toward net zero it necessary for the grid to be flexible and agile in terms of energy buildings. These designs would bring efficiency how it accommodates different operating paradigms. technologies together with building integrated power generation technologies in an operating system capable of Research and development to support higher reliability, providing comfort while at the same time producing as efficient transmission and distribution of electricity is much energy as it consumes on annual basis. Other addressing: research is focused on advancing the next generation of components, materials, and equipment. For Growth in natural gas demand will require the which time the operating envelope will change and infrastructure to support expanded imports of advances in new technology will be made. The liquefied natural gas (LNG) will required addressing assumptions made today regarding the concept of security issues and public perceptions regarding siting operations will need to be revisited on a regular basis and of LNG terminals.
technology options reassessed to meet changing requirements.
